Previous studies of respiratory rate in children have had a number of methodological problems. The aim of this study was to construct age specific reference ranges for respiratory rate. Respiratory rate in children attending childcare centres, kindergartens, and schools was measured using a nasal thermocouple to obtain respiratory waveforms. Reference ranges were constructed using data from 293 awake children between 12 and 84 months, and from 123 sleeping children between 12 and 60 months. performed on some of the children and there was no record of whether respiratory symptoms or signs were present. The method of determining rate is not recorded, although it was probably based on the counting of chest wall movements. Children of different ages were measured in different arousal states. The heterogeneity of these subjects' arousal states raises doubts about the validity of the results. It is widely accepted that ventilatory control and respiratory rate are altered in both rapid eye movement and non-rapid eye movement sleep when compared with the awake state.5 6 The utility of the quoted reference ranges remains in doubt because of these methodological problems.
There are no widely accepted comprehensive studies that have established a reference range for respiratory rate in children older than 12 months. Despite this, clinicians rely on the respiratory rate counted at the bedside to assess children with respiratory and other illnesses. For any measured variable (such as respiratory rate) to be of clinical use, a number of conditions must be met. The range and variability in the results obtained from normal subjects must be known, and the way in which abnormal results relate to a particular disease state must be understood. In addition the method of measurement should be simple, accurate, and reproducible and it must not alter the variable being measured.
While many standard texts discuss the importance of tachypnoea as a clinical sign, they fail to define the normal range of respiratory rate. Where ranges are quoted, they appear imprecise and often no reference source is cited. For instance Barnes (1990) Reference ranges for respiratory rate measured by thermistry (12-84 months) 12-6-59-9). Sixty three children had both awake and asleep recordings. The characteristics of the awake and sleeping subjects are described (tables 2 and 3 respectively). No more than one measurement was made from each child in each arousal state. These measurements were used to construct awake and asleep reference ranges (figs 1 and 2 respectively). Table 4 gives expected respiratory rates with reference ranges in yearly age groupings. For children aged 12-60 months respiratory rates were, on average, significantly lower when asleep than awake (p<0001).
The regression equations for our subjects were:
Awake: logrr=3-15-0-00616 (age-50)+0-000078 (age-50)2
Asleep: logrr=2-97-0-00194 (age-50),
where age is expressed in months. The 95% confidence intervals for the limits of the reference ranges for wakeful and sleeping children, calculated at the mean ages, were ±3-3% and ±4-2% respectively. Neither the wakeful nor sleeping reference ranges were significantly affected by sex, nor by the presence of past respiratory or current respiratory symptoms (p>0 1, for each factor considered separately in the general linear model). The arousal state for sleeping subjects (active and quiet sleep) also did not significantly affect the sleeping reference range.
Discussion
The reference ranges constructed indicate that the mean respiratory rate declines with age in both sleeping and wakeful children. The decline is much more marked for children when awake. Between 18 and 54 months the mean respiratory rate declines by 7 
